











3DUWQHUVKLS 6133 VSDFHFUDIW 7KH 6133 ODXQFKHG LQ
2FWREHU  DQG LW KDV EHHQ FROOHFWLQJ YDOXDEOH (DUWK
VFLHQFHGDWDZLWK9,,56DQGIRXURWKHULQVWUXPHQWVIRUPRUH
WKDQ ILYH\HDUV7KH9,,56&KDUDFWHUL]DWLRQ6XSSRUW7HDP
9&67 RI WKH 1DWLRQDO $HURQDXWLFV DQG 6SDFH
$GPLQLVWUDWLRQ1$6$6FLHQFH,QYHVWLJDWRUOHG3URFHVVLQJ
6\VWHPV6,36LVGHVLJQHGWRVXSSRUWWKH9,,56VHQVRUSUH
ODXQFK JHRPHWULF DQG UDGLRPHWULF FKDUDFWHUL]DWLRQ DQG WR
DFFHVV RQRUELW ORQJWHUP /HYHO% /% FDOLEUDWLRQ DQG
SHUIRUPDQFH 7KLV SDSHU UHYLHZV WKH 9,,56 WKHUPDO
HPLVVLYH EDQGV 7(% FRYHULQJ ZDYHOHQJWKV IURP  WR
 P /% UDGLRPHWULF FDOLEUDWLRQ DOJRULWKPV DQG
SUHVHQWVWKHFDOLEUDWLRQXQFHUWDLQW\PHWKRGRORJ\ZKLFKZLOO
EH LPSODQWHG LQ WKH /% SURFHVVLQJ VRIWZDUH 'LVFXVVLRQV







7KH9LVLEOH ,QIUDUHG ,PDJLQJ5DGLRPHWHU 6XLWH 9,,56 LV
FXUUHQWO\ RSHUDWLQJ RQ 6XRPL 1DWLRQDO 3RODURUELWLQJ
3DUWQHUVKLS 6133 VSDFHFUDIW 7KH 9,,56 )OLJKW 8QLW 
RQERDUG WKH 6133 ZDV ODXQFKHG RQ 2FWREHU  
9,,56 H[WHQGV DQG LPSURYHV WKH PHDVXUHPHQWV E\ LWV
SUHGHFHVVRUV WKH $GYDQFHG 9HU\ +LJK 5HVROXWLRQ
5DGLRPHWHU $9+55 DQG WKH 0RGHUDWH 5HVROXWLRQ
,PDJLQJ6SHFWURUDGLRPHWHU 02',6 LQPDQ\ZD\V6LQFH
LWV ODXQFK WKH 6133 9,,56 KDV JHQHUDWHG PDQ\ 6HQVRU
'DWD5HFRUG6'5DQG(QYLURQPHQWDO'DWD5HFRUG('5
FRYHULQJ ODQG RFHDQ DQG DWPRVSKHUH WKDW DUH FULWLFDO WR
ORQJWHUP (DUWK VFLHQFH UHVHDUFK DERXW FOLPDWH FKDQJH
9,,56 ZLOO DOVR EH LQFOXGHG LQ WKH -RLQW 3RODU 6DWHOOLWH
6\VWHPV -366 PLVVLRQ D 12$$1$6$ SURJUDP WR
FRQWLQXHSURYLGLQJKLJKTXDOLW\REVHUYDWLRQVGD\DQGQLJKW
7KHIROORZRQ9,,56LQVWUXPHQW)OLJKW8QLWRQERDUG WKH
-366VSDFHFUDIW LVVFKHGXOH WREH ODXQFKHG ODWHU LQ
6LPLODU WR02',6GHVLJQ9,,56XVHV DQRSWLFDO VFDQQLQJ
LPDJLQJ V\VWHP WR REVHUYH WKH WRS RI DWPRVSKHUH 72$
SURSHUWLHV DW DQ DOWLWXGH RI  NP LQ D 6XQV\QFKURQRXV
SRODU RUELW 7KH REVHUYDWLRQV SURYLGH FRPSOHWH (DUWK
FRYHUDJHHYHU\WZRGD\VZLWKDGD\UHSHDWF\FOH,QVWHDG
RI XVLQJ D ODUJH GRXEOHVLGHG VFDQPLUURU DW WKH QDGLU SRUW
OLNH 02',6 WKH 9,,56 XVHV D 5RWDWLQJ 7HOHVFRSH
$VVHPEO\ 57$ FRXSOHG ZLWK D KDOIVSHHG +DOI $QJOH
0LUURU +$0 WR DFKLHYH WKH ZLGH VFDQ DQJOH q RII
QDGLU FRUUHVSRQGLQJ WR D VZDWK RI DERXW  NP9,,56
KDV WKUHH W\SHV RI EDQGV DW GLIIHUHQW VSDWLDO UHVROXWLRQ
LQFOXGLQJPRGHUDWH0UHVROXWLRQEDQGV00HDFK
KDVGHWHFWRUV LQDQDUUD\DORQJ WKH WUDFNGLUHFWLRQZLWK




GLIIHUHQW IRFDO SODQH DVVHPEOLHV )3$V 9,61,5
60:,5 DQG /:,5 7KH 9,61,5 IRFDO SODQH LV QRW




9,,56FDUULHVD VHWRIRQERDUGFDOLEUDWRUV 2%&V IRURQ
RUELW FDOLEUDWLRQ 7KH\ DUH WKH VRODU GLIIXVHU 6' DQG WKH
VRODU GLIIXVHU VWDELOLW\PRQLWRU 6'60 IRU UHIOHFWLYH VRODU
EDQGV 56%EDQGV00 ,, DQG'1% FDOLEUDWLRQ
DQG EODFNERG\ %% IRU WKHUPDO HPLVVLYH EDQGV 7(%
EDQGV00 DQG ,, FDOLEUDWLRQ ,W DOVR KDV D GHHS
VSDFH YLHZ 69 GHVLJQHG WR DOORZ EDFNJURXQG VLJQDO




EDQGV  RI WKHP DUH 7(% LQIUDUHG PLG DQG ORQJZDYH
FKDQQHOV 7DEOH  OLVWV WKH WKHUPDO EDQGV VSHFLILHG
ZDYHOHQJWK DQG W\SLFDO VFHQHEULJKWQHVV WHPSHUDWXUH DORQJ
ZLWK WKH VSHFLILHG QRLVH HTXLYDOHQW GLIIHUHQWLDO WHPSHUDWXUH
1(G71RWHG WKDW0 LV D GXDO JDLQ EDQG RSHUDWLQJ RQ
JDLQ VWDJH HLWKHU DW KLJK RU ORZ 7KH 7(% DUH EDVLFDOO\
FDOLEUDWHG RQRUELW E\ WKH %% DQG 69 RQ D VFDQE\VFDQ
EDVLV XVLQJ D TXDGUDWLF DOJRULWKP WKDW FRQYHUWV GHWHFWRU¶V

















2QRUELW WKH7(%DUH FDOLEUDWHGE\ DQRQERDUG FDOLEUDWRU
%% FRQWUROOHG DW D IL[HG WHPSHUDWXUH a. ZKLFK LV
PRQLWRUHG E\  WKHUPLVWRUV HYHU\ VFDQ %HORZ LV WKH
FDOLEUDWLRQ HTXDWLRQ RI WKH (DUWK 9LHZ (9 7(% VSHFWUDO
UDGLDQFH / HQWHULQJ WKH LQVWUXPHQW QDGLU DSHUWXUH DS




































































VWDEOH)LJXUH VKRZV WKH%%DYHUDJH WHPSHUDWXUH IURP
WKHUPLVWRUV GXULQJ WKH QRPLQDO RSHUDWLRQ 7KHUH DUH WKUHH
SHULRGV RI WLPH LQ WKH EHJLQQLQJ RIPLVVLRQ WKDW%%KDV D
OLWWOHKLJKHU WHPSHUDWXUHGXH WRGLIIHUHQWVHWWLQJV7KH7(%
GHWHFWRUV KDYH EHHQ SHUIRUPLQJ YHU\ ZHOO ZLWK VPDOO EXW
VWHDG\ FKDQJHV DQG WKH EHKDYLRUV DUH FRQVLVWHQW DFURVV DOO
WKHGHWHFWRUVDQGERWK+$0VLGHVLQHDFKEDQG>@)LJXUH
VKRZV 7(% \HDU EDQG DYHUDJH )IDFWRU WUHQGLQJ VLQFH
ODXQFK0RVW 7(% GHWHFWRUV DUH VWHDG\ H[FHSW IRU EDQG ,
ZKLFKKDVODUJHVWLQFUHDVHDERXW

2Q D TXDUWHUO\ EDVLV WKH%% SHUIRUPVZDUPXS DQG FRRO
GRZQ :8&'RSHUDWLRQYDU\LQJ WKH WHPSHUDWXUHEHWZHHQ
DPELHQW a . DQG  . WR PRQLWRU WKH RQRUELW
FKDQJHV LQ FDOLEUDWLRQ TXDGUDWLF FRHIILFLHQWV FL ,W WDNHV























Band I4 M12 M13Hi M13Lo M14 M15 I5 M16
O (Pm) 3.74 3.70 4.05 4.05 8.55 10.763 11.45 12.013
Ttypicl (K) 270 270 300 380 270 300 210 300




7KH1$6$9,,56 6,36 DQG9&67 KDYH ZRUNHG WRJHWKHU
DQGGHYHORSHG9,,56/HYHO6RIWZDUH6XLWH7KLVVRIWZDUH
SURGXFHV /HYHO$ /$ DQG /% SURGXFWV DQG LV
GLVWULEXWHG E\ 6,36 IRU WKH $WPRVSKHUH /DQG DQG2FHDQ
GLVFLSOLQHV 7KH ILUVW /% VRIWZDUH YHUVLRQ 9 ZDV
UHOHDVHG LQ -DQXDU\  IROORZHG E\ 9 XSGDWH LQ
2FWREHU6LQFHWKHQWKH6,36VFLHQFHGLVFLSOLQHVKDYH
EHHQUXQQLQJWKH/%VRIWZDUHWRSURFHVVDQGUHSURFHVVWKH
9,,56 GDWD XVLQJ /$ LQSXW JHQHUDWHG IURP WKH /$
VRIWZDUHGHYHORSHGE\ WKH2FHDQ6,36DQG WKHFDOLEUDWLRQ
/RRN8S7DEOHV/87VSURYLGHGE\9&67+RZHYHUWKH
FXUUHQW 9,,56 /%V GR QRW KDYH XQFHUWDLQW\ SURGXFW OLNH
02',67KHUDGLRPHWULFFDOLEUDWLRQXQFHUWDLQW\DOJRULWKPV
DQG SURGXFW GHVLJQ IRU 56% 7(% DQG '1% DUH EHLQJ
GHYHORSHG E\ 9&67 DQG WR EH LPSOHPHQWHG LQ WKH IXWXUH
/%VRIWZDUHDQGSURGXFWV7KH7(%XQFHUWDLQW\DOJRULWKP
LV EDVHG RQ WKH RQERDUG EODFNERG\ FDOLEUDWLRQ DQG VFHQH














  OUH 

(TXDWLRQ  OLVWV DOO WKH FRQWULEXWRUV WR XQFHUWDLQW\ LQ WKH
(9 UDGLDQFH UHWULHYDO IRU HDFK SL[HO ,QVWHDG RI GHULYLQJ D
FRPSOH[ HUURU SURSDJDWLRQ HTXDWLRQ XVLQJ LQGLYLGXDO
SDUDPHWHUV ZLWK SDUWLDO GHULYDWLYHV ZH FDQ HVWLPDWH WKH
XQFHUWDLQW\ E\ QHJOHFWLQJ WKH HUURU FRQWULEXWLRQV IURP WKH
VHFRQG DQG KLJKHU RUGHUV 7KXV WKH HUURU SURSDJDWLRQ
HTXDWLRQ FDQ EH UHGXFHG WR OHVV FRPSOH[ WHUPV GRPLQDWHG
E\WKHILUVWRUGHU8VLQJDVPDOOSHUWXUEDWLRQDSSURDFKXVHG




   
 
EV EV i i EV i
iEV EV i
dL L x dx L x
L L x






YDFXXP >@ 7KH\ DUH +$0 596 %% HPLVVLYLW\ 57$
PLUURU UHIOHFWDQFH ZDYHOHQJWK WHPSHUDWXUH WKHUPLVWRU
DFFXUDF\DQGFDYLW\JHRPHWU\ IDFWRUV7KHVHHUURUEXGJHWV
DUH HVWLPDWHG SUHODXQFK DQG ZRQ¶W EH FKDQJHG XQOHVV
HYLGHQFHVKRZVWKHVHSDUDPHWHUVKDYHFKDQJHGSRVWODXQFK

)RU WKH YDULDEOHV WKDW FDQ EHPHDVXUHG RQ RUELW LQFOXGLQJ
UDGLRPHWULF ILWWLQJ FRHIILFLHQWV WHPSHUDWXUHV DQG GLJLWDO
QXPEHUV RI %% DQG (9 WKHLU HUURU EXGJHWV DUH WLPH
GHSHQGHQWDQGZLOOEHFDOFXODWHG LQ/%VRIWZDUHVFDQE\
VFDQ RU E\ WKH /% XQFHUWDLQW\ /87 XSGDWH DV QHHGHG ,W
ZDV GHVFULEHG HDUOLHU WKDW WKH TXDGUDWLF FRHIILFLHQWV DUH
PRQLWRUHG TXDUWHUO\ %HFDXVH WKH FRHIILFLHQW WUHQGV DUH
VWDEOH DQG FRPSDUDEOH WR SUHODXQFK YDOXHV WKH\ KDYH QRW
EHHQ XSGDWHG SRVWODXQFK >@ >@ 7KH XQFHUWDLQW\ LQ WKH
+$0WHPSHUDWXUHLVHVWLPDWHGDW.ZKLOHWKHFDYLW\DQG
%% VKLHOG WHPSHUDWXUH XQFHUWDLQW\ DUH HVWLPDWHG DW  .
7KH XQFHUWDLQW\ IRU 57$ WHPSHUDWXUH LV KLJKHU DW  .
EHFDXVH WKHUH LVQRGLUHFWPHDVXUHPHQWEXWHVWLPDWHG IURP
VXUURXQGLQJFDYLW\WHPSHUDWXUHVDQGWKHUPDOPRGHO>@7KH
%% WHPSHUDWXUH XQFHUWDLQW\ LV HVWLPDWHG E\ WKH VWDQGDUG
GHYLDWLRQ RI  %% WKHUPLVWRUV¶ WHPSHUDWXUHV DQG ZLOO EH
XVHGLQWRWDOXQFHUWDLQW\FDOFXODWLRQ

'XULQJ :8&' SURFHVV WKH %% LV FRQWUROOHG DW GLIIHUHQW






EH VHHQ E\ H[DPLQLQJ WKH EHKDYLRUV RI FDOLEUDWLRQ
FRHIILFLHQW )IDFWRU )LJXUH  SORWV WKH 0:,5 GXDO JDLQ
EDQG0)IDFWRURIDOOGHWHFWRUV +$0$RQO\RYHU
WKHSHULRGRI:8&'7KHUH LV DERXWYDULDWLRQ LQ WKH
)IDFWRU GXH WR WKH %% VHW WHPSHUDWXUH WUDQVLWLRQ 7KLV
LQGLFDWHV WKHUH DUH UHVLGXDO HUURUV IURP WKH UDGLDQFH
UHWULHYDOV LQFOXGLQJ SRVVLEO\ SUHODXQFK FRHIILFLHQWV DQG











,W KDV EHHQ UHSRUWHG WKDW WKH :8&' FDOLEUDWLRQ DFWLYLW\
\LHOGV XQZDQWHG VSLNHV LQ WKH 9,,56 GHULYHG 6HD 6XUIDFH
7HPSHUDWXUH 667 7KH UHVXOWV LPSDFW WKH TXDOLW\ RI WKH
VFLHQFHDQGHQYLURQPHQWDOGDWDUHFRUGVUHODWHGWRWKHSHULRG
RI TXDUWHUO\ :8&' DFWLYLWLHV 7KH LPSOHPHQWDWLRQ RI
XQFHUWDLQW\ DOJRULWKP LQ WKH /% ZLOO SURYLGH WKH
UDGLRPHWULF XQFHUWDLQW\ RI UDGLDQFH LQ SHUFHQWDJH IRU HDFK











7KH PHWKRG RI HVWLPDWLQJ 9,,56 7(% /% UDGLRPHWULF
FDOLEUDWLRQ XQFHUWDLQW\ KDV EHHQ GHVFULEHG $OO WKHVH HUURU
DQDO\VLVDOORZVXVWREHWWHUXQGHUVWDQGWKHEHKDYLRUVRIWKH
VHQVRU DQG HVWLPDWH WKH FDOLEUDWLRQ XQFHUWDLQWLHV DVVRFLDWHG
ZLWK HDFK FRPSRQHQW FRQWULEXWLQJ WR WRWDO 72$ UDGLDQFHV




7KH DXWKRUVZRXOG OLNH WR DFNQRZOHGJH6HUJH\*XVHY DQG

















133 9,,56 WKHUPDO HPLVVLYH EDQGV RQRUELW FDOLEUDWLRQ DQG
SHUIRUPDQFH´ - *HRSK\V 5HV $WPRV -'







9LVLEOH,QIUDUHG ,PDJHU 5DGLRPHWHU 6XLWH 9,,56 5DGLDQFH




DQG ; ;LRQJ ³9,,56 7KHUPDO (PLVVLYH %DQGV &DOLEUDWLRQ
$OJRULWKP DQG2QRUELW 3HUIRUPDQFH´ 3URF RI 63,(9RO 
GRL
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